1. Introduction
===============

Since the beginning of humanity, pain has always been one of the major concerns of human beings and orofacial pain and odontalgia in particular is one of the most prevalent types of pain experienced by a large portion of the world's population ([@B31]).

Pain often co-occurs with negative psychological moods, especially anxiety ([@B6]). The impact of the anxiety is not only limited to consistent stress which is associated with higher risk of cardiovascular and cerebrovascular disease, but also has such debilitating physical manifestations as headache, uncontrolled trembling, sweating, muscle tension, and aches ([@B28]; [@B46]).

The association between various types of pain and anxiety has been widely evaluated ([@B3]; [@B6]; [@B8]; [@B30]; [@B40]; [@B48]). Orofacial nociceptive response induced by 1% formalin injection in superficial (lip) and deep (temporomandibular joint) orofacial regions of rats increases the anxiety level ([@B8]). Formalin is a noxious stimulus widely used in animal behavioral experiments for studying mechanisms of pain. The formalin test originally was described by [@B18] and consists of a subcutaneous formalin injection into the rat's hindpaw. It was further adapted for assessing pain in the superficial tissues of the orofacial region by [@B12].

Dental anxiety is related to a history of dental pain in children under the age of 5 ([@B40]). Acute repetitive pain experienced during infancy may increase anxiety later in life ([@B48]). Despite these observed relations, there is a lack of understanding of the interplay between pulpal inflammatory pain and pain-induced anxiety. Moreover, the tooth pulp has a dense sensory innervation, which conveys sensory signals perceived as pain. This innervation, which originates from the trigeminal ganglion, can be a good model for analyzing the trigeminal nociceptive behavior ([@B21]). To fill this gap in the extant literature, the present investigation sought to evaluate this relationship using the elevated plus maze test. This test is known for its high ecological validity and reliable measurement of behaviors associated with anxiety and risk assessment in rodents. Only with a precise understanding of this issue, we can achieve accurate measurement and effective intervention.

2. Methods
==========

2.1. Ethics statement
---------------------

All experimental procedures performed on rats were approved by the Animal Research Ethics Committee of Kerman University of Medical Sciences, Kerman, Iran (Permit Number: K/90/258). All efforts were made to minimize their suffering. After the assessment of pain and anxiety, if animals showed persistent pain behavior, acetaminophen 12.5 mg/kg was administered intraperitoneally.

2.2. Animals
------------

Fifty-six adult male Wistar rats weighing 250--300 g, purchased from the Neuroscience Research Center (Kerman University of Medical Sciences, Iran), were used in this study. The rats were housed one per cage in a room with a temperature of 23±2ºC where they were subjected to a regimen of 12:12 day/night cycles and unlimited access to standard rat chow and water before and during the study.

2.3. Dental procedure
---------------------

Inflammatory pulpal pain induction was constructed based on our model, representing a modification to the [@B10] study described in a previous article ([@B43]). In brief, the distal 2 mm of the rats' mandibular incisors were cut off and special polyethylene crowns were fixed on the teeth using a flow composite resin (Tetric Flow, Ivoclar Vivadent). A small space remained between the tooth structure and the internal surface of the crown. After placement of the crowns, the animals received the powder form of their food. The control group with intact teeth had the same food regimen too. In situations that the crowns were removed by an animal, it was substituted with another one.

2.4. Study drugs
----------------

**Formalin 2.5% (Sigma-Aldrich):** Stock formaldehyde solution (an aqueous solution of 37% formaldehyde) was diluted to 2.5% formalin in isotonic saline.

**Capsaicin (Sigma-Aldrich):** Capsaicin was dissolved in Tween 80-ethanol solution (Merck, Germany) (10% ethanol, 10% Tween 80, 80% distilled water, w/w) at concentrations of 25 and 100 μg/μL and administrated intradentally.

**Diazepam (Kimidaru, Iran):** Animals received intraperitoneal injections of diazepam 1 mg/kg.

2.5. Study groups
-----------------

Fifty-six animals were randomly divided into eight groups (n=7) as follows: 1. Control group included intact animals without polyethylene crowns;2. Sham operated group (Sham op) intradentally received injection of normal saline;3. Sham vehicle group (Sham veh) intradentally received injection of capsaicin vehicle, including Tween 80 and ethanol;4. Diazepam group included animals with polyethylene crowns, which received intraperitoneal injection of diazepam;5, 6. Capsaicin treated groups (Cap 25 and Cap 100) received intradental injection of 25μg/μL and 100μg/μL capsaicin, respectively;7. Formalin treated group intradentally received injection of formalin 2.5%;8. Diazepam treated group intraperitoneally received diazepam 30 minutes before administration of capsaicin 100μg/μL.

Two days after operation, the awake animals were immobilized in plastic holding tubes. A small retractor was used to keep the mouth open. Based on the study group, 10μL of the specified drug was injected into the chamber using a 27-gauge needle and cyanoacrylate adhesive was then used for the closure of crown perforation. Loupes with 4× in magnification were utilized.

2.6. Nociceptive behavior
-------------------------

Test sessions took place during the light phase, between 10:00 AM and 5:00 PM in a quiet room maintained at 23°C--24°C. To minimize additional stress, each animal was placed in the test box for a 30-min habituation period before the injection. The rats had no access to food or water during the test.

Immediately after the injection, the rats were individually placed in the Plexiglas box (25×35×35 cm) positioned over a mirror angled at 45 degrees to allow an unobstructed view of nociceptive behavior. The rats' behavior was observed for 21 minutes, divided into 7 blocks of 3 minutes. A pain score was calculated for each block by measuring the amount of time spent in each of the following responses ([@B10]): A score of 0 was attributed to a normal behavior such as grooming; score 2 was considered for abnormal head movements such as continuous placement of the jaw on the cage floor or walls or mild head shaking; score 2 was assigned to abnormal continuous shaking of the lower jaw; score 3 was attributed when the animals showed consistent and excessive rubbing of the mouth with foreleg movements. Rats' behavior was recorded by a video camera.

2.7. Elevated plus maze
-----------------------

The plus maze apparatus consisted of 4 arms (50 cm × 10 cm) in the shape of a cross, extending off of a center square (10 cm × 10 cm) and elevated 50 cm from the floor. Two of the opposing arms had a small raised lip (1 cm) around the edges (open arms) and the remaining two arms were enclosed with 40 cm transparent Plexiglas walls (closed arms). The floor of the maze was made of black Plexiglas. The test room was illuminated by a 60W red lamp. A video camera interfaced with a TV monitor and a VCR was used to record each trial. Rats were tested immediately after nociceptive behavior assessment using elevated plus maze. Each rat was lowered onto the central square and its behavior in the maze was video-recorded for 5 minutes for subsequent analysis (Hindsight Version 1.5). videos were analyzed by an observer blind to the experimental conditions for the following behaviors: (1, 2) the time spent by the animal in the open and closed arms; (3, 4) total number of entries into the open and closed arms; (5) number of stretch-attend postures; (6) frequency of head dipping; (7) time spent rearing; and (8) time spent grooming. After each trial, the entire maze was cleaned with 70% ethanol. Percentage of open arm entries and time were used as anxiety indexes ([@B54]) ([@B54]).

2.8. Statistical analysis
-------------------------

The effects of intradental application of chemical noxious stimuli, capsaicin and formalin, on nociceptive behaviors were determined by 1-way ANOVA followed by Tukey post hoc test. For the analysis of anxiety parameters, 1-way ANOVA followed with Tukey-Kramer multiple comparison procedures were performed with homogeneous variances. ANOVA model was adjusted for unequal variances when needed as determined by Levene's test of equality of error variances. The Welch ANOVA followed by Dunnett-test was performed with heterogeneous variances. Results are presented as mean±standard error. All statistical analyses were performed with SPSS 19.0 for Windows (SPSS, Inc., Chicago, IL).

3. Results
==========

3.1. Effect of intradental application of capsaicin and formalin on nociceptive behaviors
-----------------------------------------------------------------------------------------

Intradental application of chemical noxious stimuli, capsaicin (25 and 100 μg/μL) and formalin 2.5%, significantly affected nociceptive behaviors (P\<0.001) ([Figure 1](#F1){ref-type="fig"}). Additionally, the data indicated that the greatest effect was obtained from capsaicin 100μg/μL. In diazepam-pretreated rats, capsaicin-induced algesic effect was prevented (F(5, 41)=32.19, P=0.001, 1-way ANOVA).

![Nociceptive effect of intradental injection of chemical noxious stimuli, capsaicin (25 and 100 μg/μL) and formalin 2.5%.\
Abbreviations: Sham op, sham operated; Sham veh, sham vehicle; Cap25, capsaicin 25μg/μL; Cap100, capsaicin 100μg/μL; Cap+Diaz, Injection of diazepam before capsaicin 100μg/μL. Values are presented as mean±SEM (n=7).\
\*\*\*P\<0.001 vs Sham veh, \*\*P\<0.01 vs Cap 100, \*\*\*P\<0.001 vs Cap 100 \*\*\*P\<0.001 vs Diazepam, \*\*P\<0.01 vs Diazepam.](BCN-7-259-g001){#F1}

3.2. Effect of inflammatory tooth pain on anxiety
-------------------------------------------------

Comparisons of control, sham operated, sham vehicle and diazepam control groups. One-way ANOVA revealed no significant differences among intact, sham operated, sham vehicle, and diazepam control groups with respect to the behaviors scored in the elevated plus maze.

3.3. Effect of formalin- and capsaicin-induced inflammatory tooth pain on anxiety
---------------------------------------------------------------------------------

The effects of tested algesic chemicals on anxiety have been shown in [Figure 2](#F2){ref-type="fig"} A-F. There were significant differences between the study groups regarding the mean time spent in open arms (F(7, 48)=4.24, P=0.001, 1-way ANOVA). Capsaicin 25 and 100 μg/μL and 2.5% formalin significantly increased the anxiety levels in rats by decrease in the time spent in open arm (P\<0.05, P\<001, P\<0.01, respectively; post hoc Tukey HSD test) and increase in time spent in closed arm (P\<0.01, P\<001, P\<0.01, respectively; post hoc Tukey HSD test).

###### 

Effect of inflammatory tooth pain on anxiety.

Abbreviations: Sham op, sham operated; Sham veh, sham vehicle; Cap25, capsaicin 25μg/μL; Cap100, capsaicin 100μg/μL; Cap+Diaz, Injection of diazepam before capsaicin 100μg/μL; pSAP, Protected Stretched Attention Posture.

Values are presented as mean±SEM (n=7).

A: \*P\<0.05; \*\*P\<0.01, \*\*\*P\<0.01 vs control.

B: \*\*\*P\<0.001 vs Cap 25, Cap 100, Formalin and Cap+Diaz groups; \*P\<0.05 vs control; \*\*P\<0.01 vs control; \*\*\*P\<0.001 vs control.

C: \*P\<0.05 vs diazepam; \*\*P\<0.01 vs control.

E: \*P\<0.05 vs Cap25; \*\*P\<0.01 vs control and Sham op; \*\*\*P\<0.001 vs formalin.

F: \*\*P\<0.01 vs control and Sham op; \*\*\*P\<0.001 vs control.

H: \*P\<0.05 vs Cap+Diaz.
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There were significant differences between the study groups regarding the mean open arm entries (F(7, 48)=2.45, P=0.031, Welch test). Rats that received capsaicin 100μg/μL made fewer open arm entries compared to the control and diazepam-treated animals (P\<0.01, P\<0.05, respectively; Dunnett-test, [Figure 2C](#F2){ref-type="fig"}). However, there was no significant difference between the groups in the number of entries in closed arm (F(7, 48)=1.93, P=0.08, 1-way ANOVA) ([Figure 2D](#F2){ref-type="fig"}).

One-way ANOVA revealed significant differences between the groups in stretch attend postures (F(7, 48)=6.44, P=0.000, 1-way ANOVA) ([Figure 2D](#F2){ref-type="fig"}). Capsaicin 100μg/μL and 2.5% formalin treated rats showed more stretch attend postures than the control and sham operated animals (P\<0.01, post hoc Tukey HSD test). Moreover, there was no significant difference between the diazepam plus capsaicin 100μg/μL group and the control group ([Figure 2E](#F2){ref-type="fig"}).

Capsaicin 25 and 100 μg/μL and 2.5% formalin groups displayed fewer head dips compared to the control, sham operated (P\<0.001, Dunnett-test) and diazepam (P\<0.01, Dunnett-test) groups indicating an anxiogenic effect, but no differences were found between the diazepam plus capsaicin 100μg/μL group and control group ([Figure 2F](#F2){ref-type="fig"}).

There were no significant differences between the groups regarding the time spent rearing (F(7, 48)=1.31, P=0.26, 1-way ANOVA) ([Figure 2G](#F2){ref-type="fig"}). Treatment with diazepam resulted in a significant increased grooming frequency compared to formalin and capsaicin plus diazepam groups (F(7, 48)=3.282, P=0.006, 1-way ANOVA) ([Figure 2G](#F2){ref-type="fig"}).

4. Discussion
=============

We found that capsaicin- and formalin-induced inflammatory pulpal pain state would lead to an anxiogenic effect in rats in the elevated plus maze by increasing stretch attends, decreasing head dips and time spent in the open arms and frequency of open arm entries. This finding is consistent with a relatively large corpus of work documenting that, pain and anxiety are closely connected ([@B6]; [@B16]; [@B19]; [@B22]; [@B33]; [@B34]; [@B40]; [@B41]; [@B42]; [@B48]; [@B49]).

On the other hand, the intraperitoneal administration of diazepam significantly increased the number of open arm entries and the time spent on the open arm compared with those activities in the algesic-treated groups. These findings confirmed the anxiolytic activity of diazepam reported previously ([@B25]; [@B26]; [@B29]; [@B36]). Diazepam acts on areas of the limbic system, thalamus, and hypothalamus inducing anxiolytic effects. It modulates HPA axis function during stress conditions thus reduces the level of plasma corticosterone in both animals and humans. So, diazepam is widely prescribed for the treatment of anxiety and as the standard drug (control) in many studies ([@B25]; [@B29]).

Moreover, anxiety is thought to be associated with the intensity of pain. A possible mechanism for this result is that during transmission of nociceptive information to the central nervous system, sensory fibers transmit information by releasing excitatory amino acids such as glutamate or neuropeptides. Recent developments in the neurobiology of anxiety have highlighted the neurotransmitter glutamate as an important factor in anxiety and anxious behaviors. The effects of glutamate on anxiety related behaviors are mediated through different combinations of ionotropic and metabotropic glutamate receptors and potentially different subunit combinations ([@B23]).

Although the current study shows for the first time the pulpal pain-anxiety relationship in rats, other studies investigated the effects of other types of pain on anxiety. [@B53] showed that the pain experience of a mandibular block is partly dependent on experienced anxiety. Moreover, it has been demonstrated that there is a relationship between reduced serotonin level and anxiety in arthritis pain model ([@B20]). Trigeminal neuralgia, temporomandibular joint disorder ([@B9]), headache ([@B7]; [@B37]), and low back pain ([@B22]) are also accompanied by anxiety disorders. Patients who have cancer or treatment-related pain are more likely to be anxious than cancer patients without pain ([@B52]). Pain-related anxiety and acceptance of pain appear to be unique behavioral dimensions of adjustment to chronic pain (Mc-Cracken, Spertus, Janeck, Sinclair, & Wetzel, 1999).

Amygdala has been shown to play a key role in fear and anxiety ([@B39]; [@B55]). Pain signaling induces a regionally selective release of endogenous opioids bind to μ-opioid receptors in the amygdala, which results in receptor internalization and recycling. Activation of μ-opioid receptor is likely to play a major role in stressful conditions. The mentioned findings suggest the possibility that pain-induced changes in opioidergic function in the amygdala may lead to the anxiogenic effect.

The anterior cingulate cortex (ACC), which forms one of the largest parts of the limbic system, plays an important role in the affective component of pain. It has been reported that ACC modulates anxiety-like behavior in adult mice ([@B27]). Anatomically, the interconnections between the ACC and other limbic regions involved in pain modulation provide pathways through which ACC influences the emotional component of pain.

[@B56] addressed the role of ACC extracellular signal-regulated kinase (ERK) 1/2 in hypersensitivity and pain-related anxiety behavior in visceral pain. They suggested that ERK1/2 inhibitors represent potential therapeutic strategies for the treatment of pain-related anxiety disorders. Phosphorylation of ERK1/2 in ACC is implicated in the affective and sensory dimensions involved with inflammatory pain.

Another key finding was that treatment with diazepam 30 minutes before capsaicin injection showed a significant reduction in anxiety and pain. These results are in line with the findings of [@B24] reporting that more than half (61%) of the patients seeking treatment and complained of significant pain, after anxiety treatment, reported an improvement of their pain symptoms. [@B44] have also evaluated the effect of anxiety on pain reactivity in humans. The results of that study supported the fact that emotional states modulate human pain reactivity. In the field of dentistry, the anxiety level of the patient at the time of treatment has been shown to affect not only the patient's response to pain experienced during treatment but also the tendency of the patient to recall the experience as painful even 18 months after treatment ([@B1]). Simultaneous treatment of both pain and anxiety could result in a synergistic effect that will greatly help patients with pain by improving their quality of life.

Current psychological theories suggest that attributional factors mediate the influence of anxiety on pain perception. According to the attribution theory, pain inhibition occurs when anxiety is unrelated to the pain-inducing event. On the other hand, an enhanced pain is expected when anxiety is related to the pain itself ([@B4]).

In addition to the interaction between pain and anxiety control regions in the nervous system, inflammatory factors such as IL-17, IL-6, TNFα ([@B32]), neurotransmitters like glutamate, GABA, serotonin, cholecystokinin ([@B13]; [@B14]; [@B15]; [@B17]; [@B20]; [@B38]; [@B45]) and nerve growth factors like TNFα and brain-derived neurotrophic factor (BDNF) ([@B11]; [@B47]) play an important role in creating anxiety responses.

Rearing is considered to reflect exploratory activity, whereas grooming is correlated with emotionality ([@B2]; [@B5]; [@B50]). In the present study, animals receiving nociceptive stimuli or chemical algesics did not present significant changes in these parameters. The results suggest that administration of capsaicin or formalin increases anxiety without modifying emotionality and exploratory activities. On the other hand, improper handling of the animals causes changes of mood that enhances animal's escape activities, including rearing ([@B51]). So, lack of changes in rearing activity in our study, confirms the appropriate handling of the animals during the test.

Caveats to the present findings should be mentioned. Although animal models of anxiety disorder have been useful in elucidating links between behavioral symptoms and biological abnormalities and in suggesting possible treatment strategies for the disease, the type of pain administered in this experiment, is not exactly comparable to the pulpal pain experience assessed in humans. Other factors that might have influenced the response to pain in humans should be also taken into consideration.

Based on the results in the elevated plus maze test, it was concluded that, inflammatory pulpal pain has an anxiogenic effect in rats, whereas diazepam premedication showed both anxiolytic and pain reducing effects.
